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RYOITETICS CORPORATION

1.0

INTRODUCTION

This report documents the design and development, by Cryonetics
Corporation, of the Differential Temperature Cryogenic Liquid
Level Sensing System, NASA Contract NAS8-11734., The report
contzins six (6) sections. The Introduction, Section 1.0, is fol-
lowed by the Principal of Operation, Section 2.0, which discusses
thermodynamic analysis and characteristic curves. Section 3.0

is devoted to sensor design under which is discussed heat transfer
in the service media, sensor time response, vibration, shock,
service media, proof pressure and sensor fabrication. Section 4.0
is devoted to the electronics. Namely, the level set 6.8 VDC stage,
the bridge, the differential amplifier, the double-to-single ended
stage, emitter follower driver, switching stage and simulated opera-
tion. Performance is covered in Section 5. 0 and finally, Section 6.0
contains the projection with recommendations.
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2.0 PRINCIPLE OF OPERATION

The main basis for using platinum wire as a liquid level sensor

is that 1) its operating temperature for a given power is a function
of the heat transfer coefficient between the wire and its environ-
ment and 2) that its resistance is nearly a linear function of tem-
perature as shown in Figure 1.

The resistance of a hot wire element is useful as an indication of
the medium in which the element is immersed, since the resistance
is dependent upon the heat transfer to the surrounding medium, A
change in medium is accompanied by a change in resistance. This
is useful in liquid level detection, since the change in media occurs
between the liquid and vapor phase of a fluid. When immersed in
liquid heat transfer from a hot wire is better than in vapor and thus
under the same current condition the temperature of the wire is
less in liquid than in vapor, resulting in a lower resistance in
liquid than in vapor. '

In order to have a sensing system which is temperature indepen-
dent, two (2) sensors are used as follows: one (1) sensor is con-
structed such that it 'thermally sees'' the media that surrounds it,
be it wet or dry. Another sensor which becomes a reference is
encapsulated in a hermetic container filled with low boiling point
gas. This sensor always sees '"dry''. These two (2) sensors are
mounted close to each other, such that they are in the same tem-
perature environment. Both sensors are electrically in a bridge
circuit which is balanced at all temperatures as long as the open
sensor is dry. When the open sensor becomes wet the bridge is
unbalanced, which provides an input signal that an electronic
circuit uses to provide a switch giving wet indication.

2.1 THERMODYNAMIC ANALYSIS

When immersed in liquid, heat transfer from a hot wire is by
means of fluid circulation created by temperature and therefore
density gradients (i.e. natural convection) or by nucleate boiling.
The mode depends upon the heat being dissipated.

To illustrate the regimes of pool boiling, consider an electrically
heated horizontal wire submerged in a pool of liquid at saturation
temperature Tgat. Figure 2 represents the type of heat transfer
data obtained. The AT's given are for pool boiling in water. The
shape of the curve, however, is typical for all fluids. As the wire

Page 2 of 43
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surface temperature is raised above the saturation temperatare,
convection currents circulate the superheated liquid (regime I),
and vapor is produced by evaporation at the free liquid surface.
Further increase in wire surface temperature is accompanied

by the formation of vapor bubbles which rise at favored spots on
the metal surface and condense before reaching free liquid sur-
face (regime I1). In regime lII larger ind more numerous bubbles
are formed and rise all the way to the free liquid surface. This is
called Nucleate Boiling. Beyond the peak of the curve is the tran-
sition boiling regime IV; an unstable film forms around the wire
and large bubbles originate at the outer upper surface of the film,
This vapor film is not stable, but under the action of circulation
currents, collapses and reforms rapidly. The presence of this
film provides additional resistance to heat “ransfer and reduces
the heat transfer rate. For values of AT in the range of 400-
10C0°F for water, the film around the wire is stable in the sense
that it does not collapse and reform repeaitedly, but the shape of
the outer film surface varies continuously. For values of AT
beyond 1000°F, the influence of radiation becomes pronounced,

In this regime the vapor film is ve.'y stable, and the orderly dis-
charge of bubbles suggests that the frequency and location of
bubble origination is controlied by factors operating at the outer
surface of the film ané that favored spots along the wire are with-
out effect. This ragime is called stable film boiling. *

FIGURE 2
Typical Fool Boiling Data (Water)
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Operation in liquid corresponds te regime I - III, Operation in
vapor is similar to regime VI, in that heat transfer is to a film
with a resultant incrzase in surface to fluid temperature difference
(Tsurface - Tfluic). In vapor, however, heat transfer would most
likely be enhanced by a freer circulation, and the Ty - Tf would
not be as large as would exist for regime VI of pool boiling.

As previously mentioned, increasing IR heating of the wire in
regime VI resuits in an increase in wirc temperature necessary

to remove the heat. Eventually, the wire temperature will exceed
its melting point, and the wire will be destroyed. A similar be-
havior will also take place in vapor. This destructive condition has
been located by Cryonetics Corporation in its tests with various
fluids and the data collected has enabled us to design away from
these conditions.

Characteristic curves of voltage versus current for platinum wira
sensors yield a linear relation in liquid being in regime.l as previ-
ously described. For operation ir vapor the curve s linear at low
currents, but voltage increases more than linearly as the current
is increased. A simplified discussion as to the origin of these
characteristic curves follows.

First the liquid case is considered. The V-l curve is nearly linear
since the wire temperature is about equal to the liquid temperature.
This holds at low currents and the V-I curve is a straight line whose
slope is determined from the R vs T (Callendar-VanDusen relation)
curves for the platinum wire elements. Self-heating of the wire in
this region is negligible for cryogenic fluid, until one reaches a
certain critical current at which ''self-triggering'’' causes the wire
to reach its melting point and be destroyed* A typical curve in
this case liquid nitrogen is shown in Figure 3.

For the vapor V-I curves, the heat transfer equation is:

(1) Q hAs(TS-T

) = °R

G

* Ref: Measurement and Control of the Level of Low Boiling Liquids by
A. Wexler and W. S. Corak, Westinghouse lesearch Laboratories,
East Pittsburgh, Pennsylvani.

Page 5 of 43
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where
I = sensor currem

R = sensor resistance at temperature T

S

h = heat transfer coefficient

AS = wire surface area/mil
TS = surface temperature of wire, °K
TG = gas temperature, °K

In equation (1) the heat transfer coefficient, h, the surface area
Ag and the gas temperature TG are constants for any fixed condi-
tions. The desired variables are Iand R. R and T are again
related through the Callendat VanDusen equation:

R 3
T T T T T
R, T lxe|T-8 oy - GGg - ABlyge - M (3gp

R

(o]

where RT is the element resistance at T°C, Ro the resistance at
0°C ande< , § and B 2ve characteristic constants for each sensor.
This equation is commonly used to discribe the R vs T relation as
shown in Figure 1.

For this analysis a simplified form given as:

R = A +XT will be used where A is a constant.

-

Thus
2 R -A V2
I R = h AS "-“‘sz—"" - TG) = T

in which R is a function of I and the other parameters are fixed.
As power increases and hence current increases, R resistance
increases. This gives rise to characteristic vapor curves similar
to the one shown for nitrogen in Figure 3.

Page 6 of 43
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A detailed description of heat transfer to the service fluids is
given in Section 3.1 (Heat Transfer in Service Media).

2.2 CHARACTERISTIC CURVES

Because the platinum wire temperature sensor is a variable
resistance element it is helpful, in analyzing its operation, to use
a graphical approach similar to that which is used in analyzing
vacuum tubes and transistors. From data obtained by placing a
typical platinum sensor in a cryogenic vapor and then immersing
it in the liquid, curves similar to Figure 3 may be generated.

FIGURE 3

Generalized V-1 Curves
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In order to place a ''load line' on the curves of Figure 3, let us consider
a typical bridge circuit in which platinum wire sensors form two (2)
arms of the bridge, Figure 4.

FIGURE 4
Typical Bridge Circuit
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If we assume an equal arm bridge, whicn is tiic usual case at
room temperature, because of symmetry it is only necessary
to examine one-half of the bridge on eithcr side of the dotted

line in Figure 4. We will choose the right hand side.

Figure 5 shows the circuit of Figure 4 redrawn for oir analysis.
FIGURE 5

Bridge Circuit (re-drawn)

\/ —_—

EATTERY

SN
N
3

Now considering Figure 5, if Ry, were open the current through
Rf2 and R would be zero ard the point on the Vg, axis of Figure 3,
would equal V battery or point A. If Ry were shorted the current

through Rf2 = IRy = _ngatt. or point B on the I axis of Figure 3.

Connecting points A and B establishes the ""load line'. Therefore,
for a given value of V batt. and Rf2, the sensor resistance varies
between points C and D as it goes from vapor to liquid or vice versa.
This change in resistance gives rise to a AV which is the signal that
appears across the bridge terminals, Z} and Z2, in Figure 4 and is
amplified by a differential amplifier which follows. Because RD
shown in Figure 4 is encapsulated, it ''sees'’ only the vapor tempera-
ture., It therefore operates as the reference sensor.

Page 8 of 43
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3.0

SENSOR DESIGN

The differential temperature cryogenic liquid level sensing
system makes use of two platinum wire sensors, one which
is capped to give a signal corresponding to the vapor (whether
in liquid or vapor) and the other which is uncapped and gives
a signal difference when moved {rom vapor to liquid. The
active or uncapped sensor is shown in SK-593 and the refer-
enced or capped sensor is shown in SK-594,

in the initial concept, the design consisted of a single wire
suspended between two posts in the form of a hair spring

with an overall length of £2.04 inches. This length resulted

in a natural frequency higher than the highest noise or
vibration frequency to be encountered. Such a length resulted
in a very small signal wet to dry with a potential for difficulties
irom noise and circuit element tolerances. A multisupport
structure was then considered which would allow a longer
length of platinum wire to be used. Vibration considerations -
to be discussed later in detail- dictated that a simply supported
span of . 030 inches was desirable. As seen in SK-593, twenty
wraps nominal of the platinum wirewereused in the final sensor
to give an overall wire length of =1 2. 36 inches with == 1. 23
inches of that length actually sensing the wet to dry condition.
Pitch of the wire was == .004 inches which resulted in a compact
sensor.

In designing these sensors, three general areas of performance had
to be met. The first area was correct thermodynamic performance
in all of the required media, ie, water, RP-1 fuel, LOX, LNZ’

and LH, without any mechanical adjustments of the circuit. The
second area is the mechanical design and assembly required to
meet the vibration, shock and acoustic vibration specifications.
The third area is environmental design, including the sensor
service media and operating pressure. A detailed discussion of
these design considerations will now'be given as well as the
fabrication methods used for the sensor,

Page 9 of 43
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3.1 HEAT TRANSFER IN SERVICE MEDIA

In designing the sensors, it was necessary to generate heat
transfer data for all the service media, i.e. water, RP-1 fuel¥,
liquid oxygen, liquid nitrogen and liquid hydrogen using the

final wire (1/2 mil platinum wire with a Callendar-VanDusen
alpha constant-of 0.003923). Several methods of presonting this
data were possible, but a plot of voltage across a one (1) inch
sample in liquid and vapor versus current was found to be the
most useful. Actual test data for a one (1) inch sample was used
to generate these curves for water, JP-4 and nitrogen with the
data being shown in Figures 6, 7 and 8 respectively.

Heat transfer to liquid and vapor oxygen will be very similar to
that for nitrogen because 1) temperature and therefore resis-
tances are close, i.e. 77°K vs 90°K and 2) heat transfer to
either vapor will be about the same when compared to the large
difierence in "h" occurring between a given liquid and its vapor.
Because of the similarity in behavior and temperature, data for
nitrogen is considered adequate for oxygen.

Test facilities for liquid hydrogen were not available and it was
therefore necessary to generate hydrogen data from test data in
the literature or by calculations from heat transfer correlations
for other fiuids. The most accurate approach was, however, to
use published data for liquid hydrogen., Heat transfer data from a
0. 001" diameter wire was available in Reference * and was used.
The data was for heat transfer from a 729% nickel-ZS'Z-,- iron alloy wire.
Because of the unknown R vs T characteristic of this wire, it was
necessary to revert to the use of the heat transfer coefficient "h"
calculated from these tests rather than actual V vs I data. The
value of '"h'' was reported to be 500 BTU/ft. 2 °R hr to the vapor
which is three (3) times higher than the best available correlation
from other fluids ' The higher value was used in our calculations
for platinum wire because its use gives the smaller liquid to vapor
voltage change. The governing heat transfer equation is given by
equation (1) repeated below:

= hA “F
(1) @ = hA_(Tg - To) (1.8 =)

Ref. ¥: NASA TN D-2074, November, 1963. An Integrated Hot Wire -
Stillwell Liquid Level Sensor System for Liquid Hydrogen and
Other Cryogenic Fluids; William A, Olsen, Jr., Lewis Research

Center, Cleveland, Ohio
Page 12 of 43
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where: Q = Power dissipated = IZR watts/inch wire
if I = amps, R = resistance of wire, ohms.
h = heat transfer coefficient in BTU/hr ft2 °F:
As = wire surface area/mil = 1.57 X 10-3 inz/in
‘I‘S = surface temperature of wire, °K
TG = gas temperature, °K,

For hydrogen vapor, equation 1 becomes:

(2) TPRwatts/in = (1472285 (157 x 10738 ) (=2 (T -T.)
2, —— 144 [ G
ft °R ... in .
3

(2.89x107°) (Tg- T )

Where T's are in °K, this equation which must be satisfied can be
rewritten:

- _ 2 2
(3) Ty TG = 3,46 x10° I'R.
A sample calculation of an iterative method of determining wire temperatur

and thus its resistance in hydrogen vapor is given below using equation 3.

The first step is to pick a current, estimate the wire temperature and
find the wire resistance at this temperature from Figure 1 for 1"
length and solve equation 3 for T surface. If the assumed and calcu-~
lated temperature are the same, then the resistance used is correct.
The voltage change from liquid to vapor can then be calculated by
equation 4 and the results plotted as in Figures 6-8.

(4) AV = V'’ -V = I(R - R )

vapor liquid vapor liquid
where Rva or ° wire resistance corresponding to the correctly
P assumed wire temperature in vapor at the given
current.
Rliquid = the resistance of 1" of wire in liquid. The wire

temperature is only slightly above the liquid and
can be assumed to be equal to the liquid without
loss of accuracy; therefore, R = 1 ohm at 20.4°K,

Page 16 of 43
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i'or I equal to 100 ma, for example, we assume Tgyyurface = 24.5°K
foraTg - Tg =24.5-20.4=4,1°K. The R corresponding to
24.5°K is 1.2 ohms from Figure 1. Xquation 3 becomes:

(3.46 x 102 ) (0.1)° (1.2)

=
=
]
)
"

= 4,15°K
which is the same as we correctly assumed. The voltage difference

between a one (1) inch 1/2 mil platinum wire in liquid and vapor
hydrogen at 20, 4°K is calculated by equation 4.

(6) AV

"

(.100) (1.2 - 1.0)

20 millivolts.

These results and others were then plotted in Figure 9 to give a
calculated V vs I curve for hydrogen similar to Figures 2 -~ 5, which
are measured values for other fluids. It should be noted that this
sigral is about three (3) times smaller than if we had used the lower
value for "h' and is therefore conservative.

In the preceding paragraphs, we have developed all the test data for

a single wire required to predict performance for an actual sensor,

The final design for the sensor was based on approximately 20 loops
around the supports shown in Cryonetics Corporation Drawing SK-592
with a 55 ohm nominal resistance at 70°F. The wire freely suspended
from the posts which are on 0. 030" centers is equal to (20.5) (.030 x 2)
or 1.23" of "active' length. (This includes . 030" of lead wire.) The
"inactive' length or that length which is on the posts is equal to w D x 20
turns = (w ) (.018) (20) or 1.13 inches. The total wire length is thus
2. 36 inches.

In calculating the V-I curves for the wound sensor, the assumption was
made that the ''inactive'' length would remain at the same temperature
as the ambient fluid whereas the '"active' length would heat up in vapor.
These assumptions reduce to the following:

1) For a sensor that is uncapped and can be wetted, multiply
the wet voltage for a one (1) inch piece by 2. 36 to obtain
sensor wet voltage.

2) For an uncapped sensor in vapor, the sensor voltage is the
sum of the wet (voltage/ inch) x (1. 13) and the (dry voltage/ inch)
x (1.23).

Page 18 of 43
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3.2

%* Ref:

As an illustration of the accurate results which can be achieved

by scaling up on (1) inch data, Figure 10 is offered. The curve
developed from one (1) inch data and from actual sensor data are
seen to be very close, proving that the behavior of the support posts
is correctly taken into account.

Figure 11 shows the experimental characteristic V-I curves for
Water, JP-4, LN, and for I.LHeg and a calculated LH curve. Data
for helium was taken to determine behavior of the wire at very low
temperature and for comparison with data calculated for hydrogen.

SENSOR TIME RESPONSE

The response time of a sensor using platinum wire is a function of
the heat transfer coefficient in liquid and vapor, the enthalpy change
and I2 R heating of the wire. Response time has both been measured
(with nitrogen) and calculated (with hydrogen) with results of 100
milliseconds or better being typical for movement from or to a
liquid or vapor ~f a free wire.

The calculation for hydrogen is given below. If we use a one (1) inch
length of 1/2 mil platinum wire, the resulting resistance will be about
1.0 ohms at 20.4°K. These values are from Cryonetics Corporation's
R vs T data which is given in Figure 1.

The response time can just be calculated as a simple step change of
ambient temperature with negligible internal resistance, i. e. uniform
internal temperature, and negligible IR less. Equation 4.3 of
Reference*, applies to our case.

h A
T-Ta  _ [g) - s O
To - Ta pev
where
T = temperature of wire = t (time)
Ta = temperature of wire long after step change
To = temperature of wire before step change occurs
h = é.vera.ge heat transfer coefficient
As = surface area of wire/inch
= 1.09x107° g / inch

. AH
pcv = an energy term equivalent to AT
e = elapsed time.

Principles of Heat Transfer, Frank Kreith, International Textbook

Company, Scranton, Pennsylvania _
Page 21 of 4.



RYONIZIZTICES CORPOINATION

Reference * gives the value of h from a one (1) mil nickel-iron
wire to hydrogen vapor to be 500 BTU

ftz °R hr .

To be conservative, we will use an "h' value of 100 B’I‘U/ftz °R hr.
We can now calculate the time required to sense 63% of the step
change, i.e. the exponent of E is equal to 1. Solving for ©
assuming 150°K to 20.4°K AT, gives

o . OH ] _
AT = A
S
2.0x% 1070

(100) (1.09 x 10‘5) = 2x 10‘6 hrs

= 2% 10-6 hrs or 7.2 milliseconds.

Self-heating assists response time when moving from liquid to vapor
and overcomes to some extent, the extra heat required to boil-off
liquid clinging to the wire. When moving from vapor to liquid self-
heating increases time response. High heat transfer rates in liquid,
however, offsets this effect, somewhat.

3.3 VIBRATION

In the sensors, we achieve structural and vibrational integrity by
designing wires, supports, etc. for a natural frequency higher than
that of the highest forcing frequency, which is 10, 000 cps 160 db

sound pressure¥¥, Deflections and thereby shock effects are reduced
by rigidly holding the sensor wire at the supports by heating the teflon
to sink the wire into it. Since the sensor has been designed above
resonant frequency and the forces are small, no vibration or accelera-
tion difficulties should be noted. The vibration and shock calculations
for the platinum wire and its support posts are given as follows:

* Ref: NASA TN-D-2074 - An Integrated Hot Wire Stillwell Liquid Level
Sensor System for Liquid Hydrogen and Other Cryogenic Fluids,
Olsen, William A,,Jr., Lewis Research Center

*% Ref: Paragraph 4. 0 of MSFC - Specification R-P + VE-PMS-SPEC-1-64
Revision A - September 14, 1964.
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A structure equivalent to that of Cryonetics Corporation's Drawing
SK-593 is shown in Figure 14 below:

FIGURE 14

Equivalent Structure

— 015" . .0z &
E|! 304 :‘::S. .
A N
~
NE ]
o7 T 2:
A i e 4 f/////i////

The natural frequc ~<y for circular cross section beams is given by:

- A2 V£
(1) f = A 22 W
1
where
A = constant dependent upon the vibration mode and end

support, equal to 2.7 for first mode of a cantilevered
beam and 7.7 for the first mode of a simply supported
beam.

D = diameter of rod in inches

7
,{l = length in inches

&
n

Young's Modulus: at 300°K 28 x ].0."61bs/:'u'1z for

stainless steel and 22 x 10+61bs/in2, for annealed
platinum

W = density 1bs/in3 ; 0.284 1bs/in3 for stainless steel,
. 775 lbs/in3 for platinum.

Page 23 of 4.
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For the 304 stainless steel cantilevered support posts, e.g.

(1) becomes:

@t = (2.7 (.016) \{ 28 x 10°
(.172) 0.284
= 14,900 cps

For the 1/2 mil platinum wire . 031" long and simply supported
at the ends.

(7.7) (.0005) 2.2x1()6

(0312 ) \} 70. 775

(3) £

Pt

21,300 cps.

A span of ==, 044" gives an f; = 10,000 cps. Thus, the sensor
span is ., 013" below critical lengch. Both the wire and its support
posts are therefore conservatively designed.

3.4 SHOCK

The shock requirement is given as 60 G's maximum (Paragraph 4.3
of Reference ¥). Stresses resulting from this shock were calculated
and found acceptable. As an illustration, the calculation for the
simply supported platinum wire is given below:

Equivalent Wire Loading

Uniform loading due to

60 G's acting on

wire mass —\
| !
L HEEEEE

/"‘PL/)T/N(‘/)/J WIRE

“» e ®m e @ e W e ® e - e e

* Ref: Paragraph 4.3 of MSFC - Specification R-P + VE-PMS-SPEC-1-64
Revision A - September 14, 1964.
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The bending stress equation is:

where
w J:)- 2 %
M = Bending moment in beam, M max = —3 H

w = load/inch

(¢}
n

wire dia
2

[ o]
n

Inertia of wire about its axis

= WD4

64

= 3.05x 10" in? for 1/2 mil wire.

For 1 G loading, w = (1) (0.78 lbs/in3 ) (19« 6 x 10'8in2 )

or 15.3 x 10'8 lbs/in. For 60G: w = 9.18 x 10‘6 lbs/in

M = wZ? - (9.2x10"%s/in) (.031)2
max S —— ————
8 8
M = 1.1x10°7 1bs in
max
and
-9 . -4,
_ (l.1x10 " 1bs in) (5x10 " in)
Tmax .15, 4 2

3.05x 10 in

90 lbs/:'m2 Tension.

Since the tensile strength of annealed platinum is 20, 000 psi, we will
have no difficulty in withstanding the 90 psi tensile load due to 60 G
shock.

* Ref: Marks Mechanical Engineers' Handbook - 6th Edition - page 5 -31,
McGraw-Hill
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3.5 SERVICE MEDIA

The sensors were designed to Le compatible with the required service
media, i.e. water, RP-1 fuei, LOX, LN2 and LH2, This was accom-
plished by using corrosion resistance materials such as 347 stainless
steel for the eyelet and cap and 304 stainless steel for the posts. In

additicn, all materials used are listed as acceptable with LOX in
References * and %%,

3.6 PROOF PRESSURE

The sensing probe was designed such that minimum collapsing pressure
would well exceed 135 psig. This pressurc is much higher thai. the
required proof and operating pressures and is therefore the most <iifi-
cult to meet. The only possible danger from these pressures is that

of collapse of the sensor cap. Referring to Cryonetics Corporation's
Drawing SK-590, we see that the cap is a closed cylinder (when
assembled) with fixed ends 0.250'" long, .010" thick and 0.17" in dia-
meter with helium-4 enclosed.

From Figure 334 of Reference *¥%¥, we find that the cylinder buckles
in the form of four (4) lobes, and that the values of K is 7. The elastic
buckling pressure (critical) is given by:

¢ 3
Per = *ElY)
where K = coefficient = f (—'—f—' ’ "%" )
E = Modulus of elasticity of material, 28 x 106 psi
for stainless steel
t = thickness of shell = ,010"
d = outside diameter of cylinder = 0.17 .
* Ref : Compatibility of Materials with Liquid Oxygen, C. F. Key and

W. A. Riehl, George C. Marshall Space Flight Ceater,
MTP - P + VE-M-63-14

%% Ref Compatibility of Materials with Liquid Oxygen, C. F. Key and
George C. Marshall Space Flight Center, NASA TMX-53052, 5-26-64

*x%¥%Ref @ Advanced Mechanics of Materials, 2nd Edition, Seely, Fred B.
and Smith, James D., John Wiley + Sons, Inc. New York
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Thus

3
6 .010
or (7) (28 x10 ) | 17 )

g
i

39,800 psi.

This stress would cause a circumferential stress:

{ " ) = 5 (o10) © 340, 000 psi.

P d 39,800 (.17)
Scr 2

Since the value of g, is greater than the yield point of the material,
the tube will fail by circumferential stress quicker thar by buckling.
With a 75, 000 psi compressive yield strength, '

) = (75,000) (2) = 8,800 psi.

(o0 ) @) (& 0
1

critical

Q—lﬂ'

Since Pcy = 8,800 psi, the caps should be able to withstand the
135 psi peak pressure with no difficulty.

3.7 FABRICATION

The sensors were wound on a header assembly ac shown in Cryonetics
Corporation's Drawing SK~554. The eyelet detail is shown in Cryo-
netics Corporation's Drawing SK-587.

Priar to winding, the header assembly is insulated with teflon coatings
applied as per Cryonetics Corporation's Drawing SK-591.

The actual winding was performed on a very unique device, similar to
a jeweler's lathe, which was developed specifically for this job., The
winder is shown in Cryonetics Corporation's Drawing SK-721. With
the gearing and lead screw shown, the winding pitch is approximately
. 0042 inches. Other combinations of gearing and lead screw could be
chosen if it is desired to vary the winding pitch. The wire tension is
maintained by an automatic tension device as shown on the drawing.

The winder speed is reduced by feeding the drive motor through a

gear reduction box. The motor speed is regulated by a variable motor
speed control.
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Bbefore the header is secured in the chuck for winding a lock wrap

or the . 0005" platinum wire is made around the bottom of a straight
pin on the header as sihiown in Cryonetics Corporation's Drawings
5X-592 and SK-593. This locking wrap is resistance welded to the
riight »in. The minimum electrode pressure of approximately
~-inch pounds was applicd to the joint and the welder was set to
deliver 1.5 watt - sccoads which results in a good weld, After com-
pletion of the winding, a2 locking wrap is made at the top of the wind
and welded as before. Tais is also shown in Cryonetics Corporation's
Drawings SK~592 and SK-593.

e
-~
o

Ciace the sensors are wound, they are placed in an oven and raised
to a temperature of 500°F for one (1) hours. This softens the outer
tellon insulating coating sufiiciently so that the platinum wire imbeds
itself and holds the individual windings securely after cool-down.

The rererence sensors are encapsulated after winding. The drawing
of the cap is shown in Cryonetics Corporation's Drawing SK-590, and
the reierence sensor assembly capped is shown in Cryonetics Corpora-

tion's Drawing SK-594.

The sensors are capped in a helium atmosphere. When the capping
is complete, tney are leak checked with a mass spectrometer at a
leak rate of 1 x 10-7 cc/second.

ror actual use with the sensing system, the sensors are mounted on a
support bracket in a prowective envelope as shown in Cryonetics Cor-
poration's Drawing SK-652.

The sensors are held firmly by crimping the tase to the support
bracket. As the sensor leads are stainless steel, they are soldered
to tne connectors. The connections are then washed with warm water
and alcohol,
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4,0

4.2

4.3

ELECTRONICS

In order to effectively utilize the AV that appears across the

bridge (discussed in Section 2. 2j when ti.c active scnsor passcs

from vapor to liquid, the circuitry whizh follows the bridge should
respond only to liquid levcl changes, not transients or ialse signals,
To insure this, the threshold ol ke oulput switch should be high onough
to preclude triggering by transients or other false signals. For

this reason the circuitry which follows the bridge has a narrow
dynamic range.

The electronics package contains the following circuitry which
will be described in order; tne 6.8 VDC level set, the 20 VDC
level set, the bridge circuit, the differential ampilifier, the
double~to~-single ended stage. Reference is made to Cryonetics
Corporation Drawing SK-676.

LEVEL SET 6.8 VDC

The 6.8 VDC level set circuit consists of a zener diode, which
obtains 1its voltage from the 24-32 VDC input. This constant
6.8 VDC is used to supply power to the bridge circuitry.

BRIDGE

The bridge consists of two (2) fixed resistance arms of 37 ohms

each and the sensor arms. It is to be noted, that in two (2)

instances, it was necessary to parallel one (1) fixed arm of the
bridge with an additional resistor to obtain initial bridge balance,
because of a slight difference in the sensor resistance at room
semperature. When the ""wet'' sensor is immersed in the cryogenic
liquid, the bridge becomes unbalanced and a difference signal appears
across the terminals Zl’ ZZ’ which are tied to the base of Tl and T2
respectively.

DIFFERENTIAL AMPLIFIER

The differenctial amplifier requires a minimum input vcltage, or
AV, of about 100 MV to turn the switch completely on. AV 's greater
than 300 MV saturate the amplifier.

T1 and T2 comprise the differential ampliiier. The gain of this
amplifier is approximately 60 for small signals (130 MV) across
Z; and Zj, and decreases to approximately 8 for large signals (1v)
across Z; and Zjp.

Page 35 of 43



-
‘
i1
i
—
i
> -
]
i
e e ey

) 16K |
Lz 3 : 7 4,§
[ ' \ g
1R I97E Y J I ,
. S .
(zeV) : } Py Y
. | , bt
7 1 l ‘
LY : i
3 e . |
e * -. l
, . }Qw . '
! £ 4
H - £ = i e | Ty
. SR a .
H " q. ] » : k:-
. . ] .
! AL . {3, W~ ‘o
l ST e ), i gy
i R
A_'3 4l A :’,. LI .
i "0, . .\‘ i o * 1
be N { o b g ,ll‘_ \ _{_,
’ " i - . N .
! ] g, «'?'-‘ [) :
E T - :

| | Lo -
! | | Gy I ; l s }

| S o |

| o L 1
E e e e Y S - - &

[ y L T,l“

.*
PADOIMG RESISTOR 70 BAL,.

BN

's1 L UNLESS OTHERWISE SPECIFIED
DIMENSIONS ARE IN INCHES
o TOLERANCES ON

™
fy o

FRACTIONS DECIMALS ANGLES

R
v

a‘
ol
~
~X
-~ p_To.
6"'— —— > éro

i wert UNDER ¢ 2 MACE
P = s % M0 s
¥ b oven & 3 mAcE

SENSOR FA kA E VR 2> 208 \/
MATERIAL

m
i

A

N
3




REVISIONS

SYM DESCRIPTION DATE APPD

l A
.l'

10k . < ‘4 ' \" oYY
2 s V/TEARN "t ] TS 4
Lo K13 O i 1
t {
i | =
X L 1 : -
g Jozk i i
,'Jp(‘ ' \'I/;,W ' ! I
RI¥q f 3 K18 B .
- e . ! ’ 7 ‘,-' 4
Al zz . " N - ... i Y X re r
-—~C J————K’i ‘( i U L ~
' 22k < 2w /] l\j A
Yig 4 ." g W H
beys| lﬁ.’/? l
v l ') D3 -
wpee B Y
(/6 ) {
\ >, e .
Y1k ¢ DRk L‘“
Yow . « Fu T
4 »*}* SKI2 N
i T )
| |
| |
> - e s — 4

ZI3TY, TS, 76  USN 2N526

CE BEIOGE

R EOM 3?5? 65 CRYOINETICS CORPORATION
SHK BURLINGTON, MASSACHUSETTS

\S\C;v/.‘,. '} ’ . ‘~ N e ,’? '-l ) .
ELFC Tﬁ?gfﬂf LS AN Sl e T FELGES
D""FER‘ENT/A "c" 'VI/'“ AT USRS
CRYDGENIC L. 4 Uf >
SVSY../V’ /w"l ’,‘ -

TITLE

mmng«iﬁa 3-9.65
ROD. APPD

’ - .-

t! ST I Vg

E
<
3

B Sk- €7¢

APPRUVALS

wr SHEET

T e



DOULBLE-TO-SINGLE ENDED STAGE

The output of the differential amplifier is fed to Y, Yl, which is
th.e input to the double-to~siagle eaded stage, T3 and T4. The gain
of this stage is approximately 0. 5. The output is taken at point X
and {cd to tne base of thc cimitter follower driver.

EMITTER FOLLOWEAR DRIVER

The emitier follower driver, T5, is in a conducting state at all times.
Its emitter is held constant at 16V by D3, a zener diode. The output

of T51is taken across the 200 ohm resistor R21, which is connected

to the cathode end of D3. As the bridge goes from a balanced to an
unbalunced condition, the base to emitter voltage of T5 changes. This
changc appears across the series combination of D3 and R21. D3 tends
to hold the voltage across its terminal constant. It does this by passing
more or less current as conditions demand. Therefore, as the base-to-
emitter voltage of T5 incrcases an increase in current through D3 and
R21 raises the voltage across R21. This is applied to the base of Tb6.

SWITCHING STAGE

The switching stage, T6, is near cut-off when the bridge is balanced.
in this conditior. less than 0.5V appears across the external 550 ohm
lowd resistor. When the bridge becomes unbalanced by as little as
100 MV, Té6 is driven into saturation and minimum oi 23 volts,

with an input of 24 volts, appears across the 550 ohm load resistor.

CIMULATED OPERATION

In nrder to simulate the presence of liquid when the sensing probe is
dry, it is merely necessary to unbalance the bridge. With reference
to the circuit schematic, Cryonetics Corporation's Drawing SX-676,
it can be seen that by applying 24 to 32 V to pin D of connector 83,
one effectively shorts the ""wet'' sensor, unbalancing the bridge.

-
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CTRYONETICH CORPONATION
5.0 OPERATION

The sensors have been designed to operate in the following

media: water, liquid nitrogen, RP-1 (JP-4), liquid oxygen,

liquid hydrogen and liquid helium. Tests have been conducted

in water, JP-4, liquid nitrogen and liquid hc¢lium. The resuits

of these tests are suinmarized in the curves of Figurell., These
VI curves were generated by placing a 55 ohm room temperatare
rlatinum sensor in the vapor of a particular media and then
varyingthe current through the sensor in discrece steps. The
voltage across the sensor was monitored alter cach current change.
These steps were repeated for the various liquids. Data was not
obtained for hydrogen and oxygen. The hydrogen curve shown was
calculated and the response in oxygen is similar to thzt of nitrogen.
These facts were mentionad previously.

By piotting the curves of Figure 1] compositively, the universality
of the sensor tecomes apparent. If one now places a load line on
the curves of Figurell, employing the method used in Section 2.1,
it is possible to predict the amplitude of the signals (AV) thzt can
be obiained ~s the "wet' sensor passes from the vapor to the

liquid. The value oi the load line shown in Figurell was chosen {for
sz = 34 ohms. However, many possible load lines can be used.
The first criteria for choosing a particular load line should be bused
on the minimum signal required for positive switching. This means
that one should ¢ 2se a load line that will produce a rainimum A V
of 100 millivolts when passing from the vapor to the liquid of a
particular media. It may not be possible for one ‘oad line to meet
this criteria for all media simultaneously. If this is the case,
single load lines can be used to ontimize operation for particular
media.

The reason for using the 34 ohm load line on the curves of Figure 11
is apparent when one refers to Figure ll, It can be seen that in
order to realize a useable signal as the "wet' sensor passes irom
the vapor to the liquid in helium or hydrogen, the sensor current
required is approximately 150 to 180 milliamps. .. ith the .ensor
current this high, the load line beccmes universally useful for all
media.
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TWONWNITICS CORIPOIRNATION

5.1 PERFORMANCE

The sensing probe has level accuracy related to the thickness
or the pcsts; “=0,0158" diameter. Even inclading the effects
of a meniscus, the accuracy is well within - 0. 100" as called
for in the specifications. The tirne response oi the electronic
circuitry is 10 microseconds oxr better for simulated operation.

It is of interest to know the amount of power that was applied
10 tne sensors when the char.c.eristic VI curves of Figure 11
were generated. This is especially important when placing a
load on the curves of Figurell when sensor power dissipation
must be kept to a minimum. For this reason, Figure 12,

the sensor power vs. sensor current curves were generated
from the characteristic VI curves of Figurell,
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RVWONLETICS CORIPOILAITION

6.0 PROJECTION

In order to "redesign' the Liquid Level System, in reirospect,
let us commence at the transducer end and work through io the
switch, pointing out problem arezs and possible solutions.

The physical dimensions of the sensors limit the amount of
platinum wire that can be wound on them. This fact dictates

that the sensors must be low impedance devices and therefore

to get reasonable static voltages across them large static

currcents are necessary. As we are operating with power source
voltages of from 24 to 32 volts DC it is necessary to drop

this voltage to 6.8 volts to supply the bridge power. Clamping

at 6. 8 volts with a zener diode requires a series dropping resistor.
Because of the high bridge currents the series dropping resistor
is fairly high wattage and a great deal of heat is generated and
transferred throughout the electronics package. This is undesirable,
An obvious solution is to reduce the bridge power., From Fig.1ll1
we see that if we reduce the static sensor current our signal is
decreased when the active sensor goes from '"Dry' to ""Wet'., To
reduce bridge current and still maintain sufficient signal the
sensor windings could be increased if the sensors were made
larger. We believe that a larger sensor, constructed and
supported as shown in Fig.l3 could be designed.to meet all
mechanical specifications. Increasing the impedance of the bridge
would allow us to operate at lower currents reducing the
dissipation in the dropping resistor.
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Another nossible solution would be to drive a high impedance
bridge with reasonably high voltage pulses of low duty cycle.
T.aesc pulses would provide high currents but the average bridge
power could be lower. The amplification of the bridge A V due
to bridge unbalance could be performed by AC amplifiers. This
would eliminate the inherent problems of DC amplifiers. The
amplifier output would be integrated to previde a DC level shift
to trigger a switch.
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